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The fluid flow under the slip effects present many dynamical applications in petroleum engineering, soil sci-
ences, aerodynamics, thermal systems etc. The aim of current investigation is to observe the heat transfer phe-
nomenon in magnetized flow of viscous fluid due channel with lower unbend wall. The fluid flow is altered due
to interaction of slip effects. The injection phenomenon for porous medium has been considered. For heat
transfer investigation, viscous dissipation applications are endorsed. The fundamental problem is modelled with
associated laws. The variational iteration method (VIM) scheme is proposed to simulate the analytical out-
comes. The numerical results for Nusselt number and skin friction coefficient are depicted and analysed graph-
ically. The summarized observations convey that control of heat transfer is improved with interaction of slip
phenomenon. The declining result for Nusselt number is referred to suction parameter.
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1. Introduction

The flow and transfer of heat over stretching/shrinking
surfaces have large application in the field of production
procedure of artificial fibres and artificial film, metallic
sheets cooling in baths and aerodynamics extrusion
processes. Sakiadis [1] presented first two dimensional
problem for moving surfaces. Crane [2] obtained closed
form solution for viscous fluid flow due to stretching
surface. Lakshmisha et al. [3] extended the analysis of
Crane [2] for three dimensional case. The series solution
simulations for heat transfer problem against the impulsively
stretching plate was examined by Guled et al. [4]. The
study of mass transfer for MHD flow with porous space
was performed by Hayat et al. [5]. Barkakoti and Bharali
[6] analyzed the fluid interaction for channel flow with

©The Korean Magnetics Society. All rights reserved.
*Corresponding author: Tel: +92-51-9157000
e-mail: tasawar.abbas@uow.edu.pk

deviation of lower surface. Majeed et al. [7] determined
the heat transfer prediction for velocity slip flow with tiny
particles. The multiple slip effects with heat transfer
prediction via stretched geometry was focused by Majeed
et al. [8]. Jawad ef al. [9] explained the heating impact of
bio-nanoparticles with Nield convective approach. Majeed
et al. [10] endorsed the heat fluctuation for Casson
material with nonlinearly stretched surface.

In fluid mechanics, the boundary layer is the well-
known concepts for fluid flow due to solid surfaces.
Usually, the no-slip boundary condition is valid for
macroscopic flows [11]. Navier [12] claimed that the slip
shear stress is proportional to quantity of liquid at the
solid surface. Akyildiz et al. [13] suggested that the slip
length is directly proportional to velocity component.
Wang [14] introduced the surface suction and slip
velocity consequences for moving surface flows. Hayat et
al. [15] deduced the observations for slip phenomenon for
porous channel geometry.

Current research endorsed the heat transfer phenomenon
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regarding the viscous fluid flow due to lower unbend
channel under the influence of slip effects. The fluid flow
is subject to injection framework. The assessment of heat
transfer is reported under the contribution of joule
heating. The convective thermal constraints are utilized to
assess the heat transfer impact. The analytical outcomes
of problem are simulated via variational iteration method
[16-20]. Current results report applications in plasma
physics, thermal engineering, aerodynamics, extrusion
systems, manufacturing processes etc.

2. Mathematical Formulation

Let consider an electrically conducting incompressible
steady flow of viscous fluid due to parallel plates separated
at distance 4. The upper plate (z = 4) is porous while the
base plate is stretched in both directions with different
rates comprising the constant injection. The magnetic
field with constant magnitude is implemented along z-
axis. No contribution of electric force is being considered.
The induced magnetic field is neglected under the small
Reynolds number consideration. The lower plate is
sustained at constant temperature 7,, while T is the fluid
temperature. Additionally, Joule heating and viscous
dissipation features are considered. The governing equations
are.
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where gradient operator is V, p is pressure, material
derivative is denoted with d/dt, u is dynamic viscosity, o
is fluid density, electrical conductivity is expressed with
o, k is thermal conductivity while ¢, is constant pressure.
Defining J and A as:
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Here L' shows the transpose of L. The temperature and
velocity fields are considered as:
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The velocity components are u, v and w are taken along
x, y and z axes, respectively. Under such assumptions, the
governing equations are:
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The appropriate boundary conditions are:
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where v = u/ p is the kinematic viscosity, v, is constant
injection velocity is at upper plate, 7 be thermal slip
parameter and S, velocity slip parameter.

The similarity transformations are [8].

T=(T,-T)0(n)+T,, V=yag'(77),77=%, (12)
w=—ah(f(n)+g®)),u=xaf'(n).

The continuity equation (6) is satisfied by virtue of the
above transformations while equations (7-11) reduce to
following form:
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with Reynolds number Re, Hartmann number M, Prandtl
number Pr, stretching ratio parameter ¢, dimensionless
velocity parameter £, thermal slip parameters y, injection
parameter V,, Ec, be local Eckert number along x
direction while Ec, be Eckert number along y direction.
Defining these parameters as:

2
B
Re:ﬂ, M2:O! oh ’ Pr:'uC”’ CZQ,
v y7 k a
ﬂ:&7 7/:ﬁ’ V():&) c= ao b
h h h Cp(T'w_T'())
2 2 2 2
__ax L ay
: cp Tw_TO)’ ! cp(Tw_TO)'

The interesting physical quantities are Nusselt number
and skin friction coefficient with relations:
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Using transformation (12), dimensionless form of
expression (17) is:
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where Re, =ax’/vandRe , = ay® /v are the local Reynolds
numbers.

3. Variational Iteration Method

There are several analytical techniques are available in
existing knowledge. The variational iteration method (VIM)
identifies its novelty and soundness due to its higher
accuracy. The simulations for many nonlinear problems
can be easily computed by using VIM successfully.

The general form differential equation is:

Lv+ Nv=g(x), (19)

Justified correction expressions are:
Y =V, () + [AO[ Ly, () + Ny, () - g®)]dr,  (20)
0
where
v(x) = limv, (). @1

3.1. Solution procedure with VIM
The bases expressions are:
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In the form
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The final solution of the above equation is:

f(p)=1im f,.,(7)
g(n) =limg,,(n) (31)
o) = 1im8,,(7)

Table 1. Convergence of VIM result for numerous Iterations
whenRe=M=1,=1.0, f=0.1=y, c=0.5=Pr=Ec=Ec,
=Ec, i, =-09=h, and i, =-1.

Iterations - f"(0) £"(0) -6'(0)
1 0.8854166667 0.5650038946 0.1673583984
2 0.8886368797 0.5679240872 0.1689020499
5 0.8887364916 0.5680176836 0.1688332916
9 0.8887365708 0.5680177467 0.1688334106
10 0.8887365708 0.5680177467 0.1688334106
15 0.8887365708 0.5680177467 0.1688334106
20 0.8887365708 0.5680177467 0.1688334106
40 0.8887365708 0.5680177467 0.1688334106
50 0.8887365708 0.5680177467 0.1688334106
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The software Maple-18 is used to solve the system of
equations (24)-(30). The accuracy of results via current
method is proposed in Table 1. A fine accuracy of results
is obtained upon increasing the iterations,.

4. Physical Analysis

The physical outcomes of problem are observed in this
section. The numerical solution is computed for shooting
method. The convincing comparative reflection of results
is observed as shown in Fig. 1. Physical investigation for
parameters is reported for velocity, temperature and shear
stress coefficient. Figs. (2-9) are prepared in order to
examine the effects of Hartmann number M and slip
parameter £ on velocity components (f'(77), g'(n), f(n),
g(m)). Fig. 2 indicates that with increasing the magnitude
of B, 1" decline in the lower part of channel while opposite
trend is observed in top half channel surface. Such
observations are confirmed the analysis of Hayat er al.
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Fig. 1. (Color online) Comparison of Variational Iteration
Method and numerical solutions.
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Fig. 2. (Color online) f(7) is Velocity profile for various val-
ues of slip parameter f.
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[5]. Physically with increasing slip parameter, the fluid
particles experienced a retarding force due to the increase
in slip length which slows down the flow. However, this
decrease in the fluid velocity is recompensed in the top
part of channel due to injection phenomenon. Fig. 3
presents the impact of Hartmann number M on f". It is
observed that in the first instance, /" dwindled with forM
for 7= 0.5 and started gradually with increasing M. Such
results demonstrate the Lorentz force applications. Figs. 4
and 5 demonstrate that f'declined for £ and M. Figs. (6-9)
explain the influence of £ and M on g’ and g. Each of
these figures is plotted for two different cases of equal
and unequal stretching along both directions. It is seen
that for equal stretching in both lateral directions, £ and
M have similar effects on g’ and g like /" and f. Fig. 11
shows that for ¢ < 1, the magnitude of g’ increases in top
and lower channel walls for larger £. To satisfy the mass
conservation constraint, the fluid flow is correspondingly
delayed in the mid part of the channel. The behaviour of
g' for upgrading M is pronounced via Fig. 7 for equal and

0.0 0.2 0.4 0.6 0.8 1.0
n

Fig. 3. (Color online) /() is Velocity profile for various val-
ues of magnetic parameter M.

()

n

Fig. 4. (Color online) f{7) is velocity profile for various values
of slip parameter .
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unequal stretching cases. The impact of f on g is
portrayed in Fig. 8. It is interesting to note that for ¢ <1,
the behaviour of g is totally different as compared to
¢ = 1. It raises in bottom half and decreases in remaining
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Fig. 5. (Color online) f(7) is velocity profile for various values

of magnetic parameter M.
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Fig. 6. (Color online) Velocity profile g'(77) for various values

of slip parameter f.

g'(n)

0.0 0.2 0.4 0.6 0.8
n

Fig. 7. (Color online) Velocity profile g'(n) for various values

of magnetic parameter M.

half regime of channel for increasing f. The variation in g
with changing M is given in Fig. 9. Figs. (10-13) are
devoted to show the influence of B, M and ¢ on skin
friction coefficient components (—f"(0), —g"”(0)). The
wall shear force for M and c against specific values of S

Re=10=V,=M

n

Fig. 8. (Color online) Velocity profile g(77) for various values
of slip parameter f.

e(n)

Fig. 9. (Color online) Velocity profile g(77) for various values
of magnetic parameter M.
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Fig. 10. (Color online) Effects of M and S on — £"(0).
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is noticed in Figs. 10 and 11. Fig. 10 indicates that upon
enhancing S, a decrease in — f"(0) is observed while
opposite is examined for M. Fig. 11 demonstrates that ¢
has negligible effects on — f"'(0). The coefficient of skin
friction along both directions is plotted for M and S is
expressed in Figs. 12 and 13, respectively. Fig. 12
illustrates that — g"’(0) increases with growing values of S
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Fig. 11. (Color online) Effects of ¢ and S on — f"'(0).
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Fig. 12. (Color online) Effects of M and S on — g"(0).
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Fig. 13. (Color online) Effects of parameters ¢ and S on
-g"(0).
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and M. Fig. 18 shows that —g"(0) rises for B when
¢ < 0.9 but declined for ¢ > 0.9. Figs. (14-18) are prepared
in order to display the impacts of fand M on temperature
and temperature gradient profiles. Fig. 14 is plotted to
assess the onset of temperature field against 7 for in view
of thermal slip parameter y. The analysis is examined for
both appearance and absence of viscous dissipation. It is
analysed that with larger y, the temperature profile reduces
in the lower plate surface region while it increases in
opposite plate surface region subject to the viscous
dissipation effects. However, impact of y on temperature
profile near the lower plate surface region is not prominent
when viscous dissipation effects are dominant. Fig. 15
demonstrates that temperature profile declines for
enhancing S. In Fig. 16, it might be observed that Joule
heating affects the temperature profile in presence of M.
A raise in M corresponds to Joule heating effects
enhanced the fluid temperature effectively. In Fig. 17, the
temperature gradient —6&'(0) is plotted against M in
presence of thermal slip parameter y. In addition, it is

Re=10=V,=M.c=05="Pr, f=0.1

Ec = 0.0 = Ec, = Ec,
—  Ec=05=Ec, =Ec,

#{n)

0.0 y = 0.15, 0.10, 0.05, 0.00 S
0.0 0.2 04 0.6 0.8 1.0
U]
Fig. 14. (Color online) Temperature profile 8(rn) for various
values of slip parameter y.
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Fig. 15. (Color online) Temperature profile &(77) for various
values of slip parameter S.
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Fig. 16. (Color online) Temperature profile &(7) for various
values of magnetic parameter M.
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Fig. 17. (Color online) Effects of M and yon —'(0).
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Fig. 18. (Color online) Effects of ¢ and fon —6'(0).

shown that rate of heat transfer decreases due to M and y.
Fig. 18 has been prepared to observe change in —6'(0)
against ¢ in view of . It is clearly seen that rate of heat
transfer increases with increasing . The impact of ¢ on
- 6'(0) is different and interesting. Initially, an increasing
depiction for up leading ¢ is noticed while it decreases
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gradually after some interval. This implies that the heat
transfer rate can be maximized by for larger stretching
ratio parameter.

5. Conclusion

The heat transfer assessment of viscous material with
channel surface flow is prescribed under slip effects. The
thermal transport of problem is noticed in view of Joule
heating and convective boundary constraints. The slip
features are used to analyse the flow phenomenon. The
variation iteration outcomes are presented. The significant
outcomes are:

» The fluctuation in velocity and thermal transport is
noted due to stretching ratio parameter.

* An increasing impact of velocity parameter on wall
shear force is depicted.

* A controls of temperature profile against velocity slip
parameter is observed.

» The boosted thermal profile subject to magnetic
parameter is claimed.

» The Nusselt number declined due to slip parameter
and Hartman number.
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